Melanopsin is an unusual vertebrate photopigment that, in mammals, is expressed in a small subset of intrinsically photosensitive retinal ganglion cells (ipRGCs), whose signaling has been implicated in non-image forming vision, regulating such functions as circadian rhythms, pupillary light response, and sleep. The biochemical cascade underlying the light response in ipRGCs has not yet been fully elucidated, but is hypothesized to involve Gq pathway. We present both a deterministic and a stochastic model of the hypothesized melanopsin phototranduction cascade. Both models qualitatively reproduce experimental results under several different conditions. The models allow us to probe various mechanisms in the phototransduction cascade in a way that is currently experimentally not feasible.
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Determining the Role of Melanopsin C-Tail in Deactivation and Trafficking Elelbin A. Ortiz, Preethi Somasundaram, Evan Cameron, Phyllis Robinson. University of Maryland, Baltimore County, Baltimore, MD, USA. Melanopsin is a unique non-image forming visual pigment expressed in intrinsically photosensitive retinal ganglion cells in the vertebrate retina. These cells are involved in many non-image forming functions such as the photoentrainment of circadian rhythm and the pupillary light reflex. Melanopsin is deactivated through the phosphorylation of the C-tail followed by the binding of a b-arrestin molecule. b-arrestin contains a signal on its C-terminus that allows for internalization of G-protein coupled receptors (GPCRs) after inactivation. However, it is currently unknown whether melanopsin is internalized. Angiotensin II type 1A receptor (ATII1AR) and B2 adrenergic receptor (B2AR) are two GPCRs known to bind b-arrestin and undergo endocytosis. To study the role of the C-tail in melanopsin deactivation and trafficking, the C-tail of melanopsin is replaced with either ATII1AR or B2AR c-tail using cloning techniques. We then introduce our plasmids into Human Embryonic Kidney (HEK) cells to assess the localization and signaling of the constructs. Sequencing has confirmed that several chimeric constructs have successfully been made. Calcium imaging has confirmed that the Mel/B2AR chimeric constructs signals in a similar manner as melanopsin in the presence of light. These results will help determine the role of the melanopsin C-tail in its deactivation and trafficking. A single-channel kinetic model was constructed for both sodium and potassium channels based on the kinetic rate of conformational rearrangement in the channels' voltage-sensor domains (VSD). The model reproduces observed conducting states of the channels and, more importantly, neural firing as described through the Hodgkin-Huxley (HH) equations. The modeling results indicate that neural signaling cast successfully in the form of HH equations can arise from a single sodium / potassium channel pair. The potassium channel gives rise to the (slow) n4 activation in the HH equations; the sodium channel VSDs I-III correspond to the (fast) activation variable m3 in the HH equations, while the sodium channel's VSD IV triggers inactivation with a similar rate as typically associated with the (slow) variable h in the HH equations. The sodium channel structure was constructed by homology modeling. Based on this structure, on sequence alignment and on mutation studies, key residues responsible for the kinetic difference between VSDs I-III and VSD IV can be identified. The results not only provide a linkage between molecular structure and neural firing behavior as seen in solutions of the HH equations, but also connect single ion channel conformational rearrangement with neuron signaling.
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Inducible External Magnetic Fields Coupled to Injectable Synthetic Magnetic Nanoparticles Proposed to Replace Invasive Optogenetics as Modulators of Endogenous Ion Channel Gating Edward J. Beck. BioMagnetics, San Diego, CA, USA. Optogenetics is poised to revolutionize the study of neural circuits and their roles in vivo. Two main components of this approach are indicated by that name. The first component is a light-gated ion channel gene (ICG) transfected into targeted neural circuits. The second, following gene transcription/translation, is an optical source focused on the transfected neural tissue. Light pulses gate transfected ion channel proteins leading to modulation of the host neuron's membrane potential (Na-selective ICG¼ depolarization and nerve cell excitation; K-selective ICG¼ hyperpolarization and nerve cell inhibition). Electrical signaling in untransfected neurons in synapse with transfected neurons is, in turn, modulated. The ultimate outcome of Optogenetics is a change in physiology or behavior supported by the targeted neural circuitry. Application of a magnetic field in close proximity to channel-attached magnetic nanoparticles is proposed as an innovation of Optogenetics. Such magnetic field gating of ion channels has advantages over Optogenetics. Most significantly, in contrast to invasive Optogenetics, magnetic field gating is speculated to gate ion channels by external, non-invasive magnetic fields. Commercially available magnetic nanoparticles make possible the essential magnetic field/ion channel connection. Magnetic field gating is proposed to innovate neuroscience research far beyond the limitations of Optogenetics. Furthermore, future translation of magnetic field gating technology to the health care market is far more practical than translation of invasive Optogenetics technology. Current applications using magnetic nanoparticles are described that lend credence to the hypothesis that magnetic fields can gate in vivo ion channels via attached magnetic nanoparticles. Magnetic field gating technology and technical challenges of developing this approach to gating ion channels are presented.
754-Pos Board B534 V220 Mutants of Ciona Voltage-Sensing Domain Based Genetically
Encoded Fluorescent Voltage Sensors Dhanarajan Rajakumar, Hong-hua Piao, Bok Eum Kang, Arong Jung, Eun Ha Kim, Bradley J. Baker. Korea Institute of Science and Technology, Seoul, Korea, Republic of. Genetically-encoded fluorescent voltage sensors enable the optical reporting of changes in membrane potentials. These sensors consist of a voltage-sensing domain of voltage-sensing phosphatase (usually from Ciona intestinalis Voltage-Sensing phosphatase) fused to a fluorescent protein (Super Ecliptic pHlorin A227D). To optically differentiate action potentials from subthreshold synaptic activity, residues in the voltage-sensing domain were mutated. Surprisingly one mutation, V220T in the S4 domain shifted the voltage response to more negative potentials, since this residue does not interact with the positively charged residues in S4 responsible for gating currents. To fine tune the voltage sensitivity of this probe, we mutated the V220 position extensively testing the remaining 19 amino acids. We found that tyrosine, phenylalanine, tryptophan, aspartate, threonine, and proline shift the voltage response substantially to more negative potentials enabling optical signals from hyper-polarizing voltages. Polar amino acids (glutamine, asparagine, alanine, and serine) vastly reduce the optical signal. Hydrophobic residues leucine, isoleucine, methionine, cysteine do not shift the voltage sensitivity to more negative potentials. We combined another mutant D164N (S2 domain) capable of shifting the voltage sensitivity to left with V220F and P. This combination further shifts the voltage response to more negative potentials and shallows the curve. These results suggest that the V220 residue interacts with the plasma membrane and could be mutated in conjunction with other mutations to generate probes capable of differentiating action potentials from sub-threshold synaptic activity, and hyper-polarizing inhibitory activity.
755-Pos Board B535 Transition Metal Ion FRET Measurements in Plasma Membrane Sheets
Prepared by Deroofing Cultured Mammalian Cells Eric Senning, William N. Zagotta, Sharona E. Gordon. Department of Physiology and Biophysics, University of Washington, Seattle, WA, USA. Since the discovery of Förster resonance energy transfer (FRET) in the 1940s, its implementation to measure inter-and intramolecular distances has reached wide-spread use in the biological sciences. Because the technique requires labeling of a donor and acceptor site with two different spectroscopically active molecules, a prominent difficulty with biological samples has been how to label with specificity and, therefore, unambigouisly detect and assign the signal contribution from each site. Here we show that transition metal ion FRET (tmFRET) experiments using plasma membrane sheets prepared from deroofed cells can be used as an orthogonal labeling scheme with an unambiguous assignment of the FRET pair signal. As a FRET donor, we used octadecyl rhodamine B (R18), which incorporated into the plasma membrane of deroofed cultured cells. To measure distances on the length scale relevant to membrane proteins, we used the transition metal ion Co 2þ as an acceptor, which, together with R18, gives a R 0 value of 14.9 Å . Although the quenching by Co 2þ of rhodamine B in solution is of low affinity (>10 mM), 100 mM Co 2þ caused appreciable quenching of R18 incorporated into plasma membrane sheets. By first introducing a synthetic fatty acid with a metal-chelating head group, appreciable quenching was observed with less than 1 mM Co 2þ . Comparison of tmFRET experimental measurements to expected theoretical values convincingly demonstrate that these experiments provide information about the distance of closest approach between donor and acceptor (Fung and Stryer, 1978) . These experiments provide proof-of-priniciple for measurements of biologically relevant distances in native membranes. We anticipate that FRET experiments on plasma membrane sheets will offer a unique opportunity to explore protein-lipid interactions and discuss several possible future directions for this technique. Recently, we developed a series of FRET (Fluorescence Resonance Energy Transfer)basedvoltage sensors, Nabi,utilizing the voltage sensing domain of CiVSP (Ciona intestinalis voltage sensitive phosphatase). The Nabi series of probes contained FPs inserted at different locations in the Ciona voltage sensitive domain.Nabi2 probes with Clover (green) and mRuby2 (red) as donor and acceptor showed large signal size (9% DF/F for a 100 mv depolarization) and fast taus (<3 msec). In order to improve further FRET efficiency of voltage responses, we investigated the behaviors of individual FPs in the probes. When we deleted the acceptor FP at the C-terminus of Nabi2, the signal size (DF/F) was reduced from 9% to 1 %. The optical responses of these probes does not appear to arise from the signals of individual FPs. The FRET interactions of 2 FPs are important for the signals of the Clover/mRuby pair. For further investigation, we also would like to remove the donor. We also plan to test additional FPs in the Nabi series. We hope that this effort will result in better FRET based voltage probes. Supported by US NIH Grants DC005259 and NS054270 and grant WCI 2009-003 from the National Research Foundation of Korea. FRET (Förster Resonance Energy Transfer)-based voltage sensors can be useful for monitoring neuronal activity in vivo because the ratio of signals between the donor and acceptor pair removes common sources of noise such as heart beat artifacts. We improved the performance of genetically encoded fluorescent voltage sensors by optimizing FRET interactions between donor and acceptor fluorescent proteins (FPs) flanking the voltage sensitive domain of the Ciona intestinalis voltage sensitive phosphatase. The donor FP, UKG, was positioned at 8 different locations downstream of the voltage-sensing domain while the acceptor FP, mKO, was placed at 6 positions upstream of the voltagesensing domain resulting in 39 different ''Nabi1'' constructs. Several of these combinations resulted in large signals and fast kinetics. Nabi1 probes responded to changes in membrane potential with improved signal size (up to 11% DF/F for a 100 mv depolarization) and fast response time constants both for signal activation (~2 ms) and signal decay (~3 ms). Replacement of the mKO and UKG FRET pair with Clover (donor FP) and mRuby2 (acceptor FP) improved expression in cultured neurons enabling the optical resolution of individual action potentials. We are analyzing a series of Nabi2 probes with different insertion sites of FPs. This effort may identify novel probes that may be useful for optical recording of neuronal activities. Supported by US NIH Grants DC005259 and NS054270 and grant WCI 2009-003 from the National Research Foundation of Korea. Migraine is a particularly severe form of headache which arises in only one side of the head and affects women (13-20%) more often than men (3-14%). Familial hemiplegic migraine type 3 (FHM3) is a rare autosomal dominant genetic disease, whose major symptoms are severe migraine, hemiparesis and aura. FHM3 is caused by mutations in the gene coding for the voltage-dependent sodium channel Nav1.1, whose activity is responsible for the generation and transmission of the fast electrical signals used by neurons to communicate across long distances. The specific molecular mechanisms that underlie the migraine phenotype of some SCN1A mutations are not fully understood, since conflicting results have been reported for the properties of several FHM3mutations in heterologous expression systems (Vanmolkot et al, 2007, Hum Mut 28:522; Kahlig et al, 2008, PNAS 104:9799; Cestele et al, 2013, PNAS, 110:17546) . Taking advantage of a novel mouse knock-in model carrying the L1649Q mutation, the electrophysiological properties of cerebellar Purkinje cells have been investigated from WT, heterozygous and homozygous knock-in mice in terms of activation, inactivation, slow inactivation, and persistent Na(þ) current which will help to understand the impact of the mutation in the neuronal network. The biophysical characterization of the mutants are also compared with those seen in the context of the SCNA5 channel (Vanmolkot et al, 2007) and with those seen in HEK293 cells (Cestele et al, 2013) , where, the mutation causes slower inactivation and other features consistent with a gain of function phenotype.
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Bidirectional Propagation of Action Potential in Giant Axons of Nerve Bundles from Homarus Americanus Tian Wang, Alfredo Gonzalez-Perez, Jorin Diemer, Søren Nissen, Thomas Heimburg. Niels Bohr Institute, Copenhagen, Denmark. For decades, it was widely accepted that the propagation of action potential in neurons is unidirectional, down the axon. Since the 1950s, evidence has shown that an action potential can also propagate back through the dendrites sending a retrograde signal to its presynaptic signaling neurons. The backpropagation of action potentials has been extensively investigated in dendrites ever since but less attention has been paid to signal propagation in axons due to widely accepted passive role of axons in signal propagation. In our experiments nerve bundles from the walking legs of lobster, Homarus americanus were used, to investigate the bidirectional propagation of action potentials in axons. Stimulation in ectopic sites on the giant axons results in bidirectional propagation of action potentials. Our results show an asymmetrical propagation of the orthodromical and antidromical signals. The conduction velocity of the signals propagating in both directions were correlated with the stimulation voltage, staying constant or decreasing as a function of the stimulation voltage depending on propagation direction in correlation with the difference in axonal diameter. We interpret our results with the soliton model that assumes a gel phase solitary wave propagating across a fluid phase along the lipid membrane in the axon. The results are in good agreement with the theoretical predictions for the conduction velocity dependence on energy for soliton waves. 
